TV Computer BASIC 2.0 = page 1

This document describes the new faatures of TV Computer
MOFS and BASIC in version 2.0 that have been introduced
since varsion 1.3.

1. ERRORS IN MOFS AND BASIC

1. Expression evaluation has besn re-written so that the
type of an  wxpression (string or numeric) is not
decided wuntil after all relational terms yin  the
aRprassion have besn parsed.  Thus FRINT “"ABC"<"BC" is
now valid. ' o

2. Rounding has been added to FRINT USING.

3. The addition of a polugon function in the video drivar
(see  pelow) has shown up two minor problems in  the
video driver. In pr2-2.0 versions, when a line s
drawn, both the start and the end pixels of the line
are  plotted. Thus if two joined lines are plotted (as
when plotting a polugon) the intersecting pixel is
plotted twice, which does not matter except that in XOR
plotting mode this interszcting pixel is plotted in the
wrong colour (the paper colour instead of the ink
colour).

The problem has bezn corrected in 2.9 by changing the
line drawing so that the first pixel of each line s
not plotted. Since the beam has to be turnzd on to draw
a line, and turning the beam on causes the first pinsl
to be plotted, this will not normally have any =ffect,
but it do=s allow polugons to be plotizd in XOR mode,

To allow a sequance of joined lines to be drawn from
BASIC in XOR mode, the "beam on’ video function has
been altersd so that the point at the beam position is
not re-plotted if the beam is already on when a  "bean
on’ function call is mads.

4. The maximum length of input strings allowed in the
INFUT statement has bzen changzd from 251 to 234. This
is also tru= of version 1. but was ommitted from the
documentation.
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5. The BOUND statement has besn modifizd to prevent it
corrupting PBASIC'S EXT 5 and EXT & wvectors. This
problem was not discovered until after version 1.3 was
produced; it can be fixed in version 1.3 howsver by
patching the ROM addresses 2825h, 2845h and 2876k from
oh to 17h C(ie. 2732 RON number 2). Note that this also
affects VYT-D0S, which in version 1.9 uses EXT & to
anter the BASIC CLI. VT-DOS 1.1 uses EXT 4 instead of
EXT 4, thus allowing it to bz wuszd with earlier
versions of BASIC (se= VT-D05 1.1 changes).

2. ENHANCEMENTS TO MOFS AND BASIC

This sazction dztails the changas that have bezR-made to
MOFS and BASIC 2.9 in the extra ROM space available. Many of
these features are desired because other machines (such as
the Commodors" 14+) conmpeting with the TV Conmputer have
similar features. In gensral, these features, described
below, offer similar functionalities to other machines, but
the methods of " using them may differ to make them wmors
suitable for the TV Computer environment, operating systen
and BASIC suntax. In many cases the extra features will be
found to be an improvement on those found on othzr machines.

The new features are genzrally complatzly compatible
with previous versions. All MOFS functions and BASIC suntax
remain unchanged, All published and unpublished variable
address are unchanged, although somz extra arsas of RAM, not
previously used, have bzen utilized (ses below). One
possible incompatibility is that the BASIC syntax dozs not
allow variable names to start with BASIC keywords, although
they can contain them. Since the extended BASIC has =xtra
heywords, it is possible that variale names which were

previously valid can no longer be used; the chances of this
preventing an existing program from working have however
been minimized by choosing fairly long and infrequantly used
names for the new keywords.
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1. The following new graphics commands have been added to
BASIC’s FLOT command.

FLOT RECTANGLE (h, v [,d [,a (,r11])

Flots a rectangle. h and v are the length of the
sides (h bzing the horizdntal side when the angle s
), d is the numbzr of sides to draw (default 4), a is
the angle in radians from the positive x-axis that ths
rectangle is plotted at (default @) and r is the aspect
ratio (whers @ <= p < 2, default 4/5). The plotting
starts at the current beam position, and the beam s
laft at the last point plotted (iz. not moved if all
sides are drawn). Ths current plotting mode and line
style are used. The entire rectangle must fit on  the
screen., Note that the bzam must be on inJY.ordzr for
anything to be plotted.

FLOT POLYGON (1, n [,d C,a [,r130)

Flots a regular poluygon. 1 is the length of the si
and n is the number of sides of the polygon (where 8
n <= 20). d is the number of sides to actually d
(default n), a is. the angle in radians from the
positive x-axis that the first side is plotted at
(default @), and r is the aspact ratio (where @ <= r <«
2, default 6/5). The plotting starts at the current
bzam position, and the beam is lzft at the end of the
last side plotted (ie. not moved if all sides ars
drawn). The currant plotting mode and line style are
used., The entire polygon must fit on the screen. Hote
that the beam must bz on in order for anything to be
plotted. :

FLOT ELLIFSE (h L,v [,b [,e C,a C,r11110)

Flots arcs of =1lipses. h and v are the lengths of the
semi-horizontal and semi-vertical axis respactively
when the angle is @, and if v is not given then it
defaults to h. b and = are the begin and end anglss of
the arc in radians from the positive x-axis (default 9,
so a complete ellipse is drawn). a is the anale in
radians from the positive x-axis that the ellipss s
drawn at (default @) and r is the aspect ratio (where @
= or <2, default 6/75). The centre of the ellipss is
the current bzam position, which is not affected. The
current plotting mode is used. The entire ellipse nead
not necessarily fit on the screen. MNote that the
ellipse is always drawn, even if the bezam is off.
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Because of the limited arithmetic accuracy to
which the ellipse drawing routine works internally,
some  ellipses may not be drawn quite as expected. In
general, long, thin ellipses drawn at angles close but
not =qual to @, pi/4, pi/2 =tc. may be smaller than
expactad, and in extreme cases may not even be
elliptical. To improve the internal arithmetic accuracy
would have slowed down the ellipse drawing and would
make the ellipse routine prohibitively largs for the
ROM space available.

To support these new graphics statem=nts, the following
new video driver functions have been addad. Note that
the rectangle drawing is not implemented as a vidzo
driver function since it is so simple. 1.

4.

@FOLY (videzo function codz 90001101E)
Input: DE -> input paramsters.
Output: A = error code, @ if successful,

This function draws polygons. On input, CE points to a
buffer  that contains the polygon parameters,  as

follows:
I byte - Aspzct ratio, @ to 7Fh, 40h => 1:1,
1 byte= - number of sid=s opolugon, & to 2¢.
1 bytz - number of sides to draw, & to 20.
2 bytes - signed x offsset from current  beam

position to end of first side.
bytes - signed y offset from current  beam
position to end of first side.

ra

BELLIF (video function code 800911108)

Input: DE -* input paramsters.

Output: A = arror code, @ if successful.

This function draws arcs of =llipses. On input, DE
points to- a buffer that contains the ellipse
paramzters. To save tha zllipse function from having to

calculate various trigonometric functions, some of the
paramzters must be pre-calculated. The parameters ars!
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2°butes = SORER) i i isidivinantinnsyannmsiihissnsens 8
2 bytes - (-F)/@
4 bytes - (vA2) % (SIN(a)A2) + (hA2) # (COS(a)?2) ... K
4 bytes - (vA2) % (COS(a)A2) + (h*2) # (SIN(a)A2)
4 bytz=s - SIN(a) * COS(a) ¥ ((vA2) - (h*2)) siusveeus F
1 byte - 127#C0S(s)
1 byte - 127%5IN(s)
1 byte - 127#C0S(=)
I bute - 1274SIN(e)
1 byte - Aspect ratio, @ to 7Fh, 40h => 1:1
where
@ is the angle of the ellipse.
h is the semi-horizontal axis 1:ngth (when a=@).
v is the semi-vertical axis lzngth (when a=0{.
5 i5 the angle of the start of the arc. ‘-
& is the angle of the &nd of the arc. s

Relative plotting has been added to PASIC, as supported
by all versions of the video driver., Relative co-
ordinates are specified in the FLOT statemsnt in  the
sam= way as absolute co-ordinates, but with a + or -
sumbol in front of them. For example:

ra

FLOT +80,+8; +0,+86; -80,+0; +0, -B9

would draw a small square,

3. RENUMBER has been added. The syntax for this is:
RENUMRER [line-rang=1 [,STEP line-no.l [,AT line-no.]

The line-range specifies the portion of the program to
brenumbered in a similar way to LIST and DELETE. The
STEF valus is the increment used for the renumbering
(default 10) and the AT value is the new line number
for the first line that will be renumbered. AT defaults
to the existing line number of the first line specified
by the line-range, or to the existing first line number
of the program if the line-range specifies from the
start of the program.

Renumbering a program clears all variables, and the
RENUMBER command must be the last command on the line.
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A "No memory’ error will bz given if there is not
enough fres RAM available to renumbzr the program (GOTO
Y, ‘Vor example, requires thres bytes less memory than
GOTO 1009). A ’Cannot RENUMBER' error will be given and
the renumber aborted (leaving the program unchanged) if
the program cannot b: renumbered for som= reason. MNote
that RENUMBER wuses extra work space RAM, the amount
used depending on the number of lines in the program
(four bytes per line). Therefors if a 'no memory’ error
occurs, then it may be possible to renumber ths progranm
in several sections.

If an error occurs as a result of invalid REMUMBER
parameters, then the RENUMNBER command is listed as the
erronzous line (eg. the last new line number would
exceed the maximum line number of 9999 or the new line
number of the last line in the line-range would overlap
the next program line). If, howsver, a program line is
listed as the erroneous line, then the fault lies with
the indicated program line (=g. a GOTO specifying a
line that dozs not exist, or a line that would excesd
the maximum length of 251 characters when renumbersd).

A few commands cannot be renumbered. These are:  AUTO,
DELETE, LIST, LLIST and REHUMEER.

« - AUTO has bzen added. The syntax for this is?

AUTO CSTEF line-no.J [,AT lin-no.l

The STEF valus is the increment used for the new lines
(d=fault 19) and the AT value is the first new line to
enter (dzfault- 10). For each new line that AUTO
creates, the line number is displayzd on the screen and
the cursor placed just after it. The text for the line
can then be typed in, the line being entered when
"return’ is pressed in the normal way. If the line
already exists, then instead of just printing the lins
number, the entire line will be listed, and the cursor
placed at the end. The existing line can then be
edited, or dezleted if not required. If the line number
that AUTO automatically printed is edited, then the
next linz number that is printed will be the new lina
nunber plus the STEP valus.

AUTO mode will be exited if a line without a line
number is entered, if the next line number to be
printed exceeds the maximum line number of 9999, if
CTRL-ESC is pressed or if some other error occurs.
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3. 19 function keys have been added to the keyboard
driver, with a total of 109 bytes availablz for the
strings programmed into them. The memory for ths
function keys is permanzntly allocated from HIMNEM when
the computer is cold reset. The number of bytes wused
for  each function key string is the number of
charactzrs in the string plus ona.

Currently, nearly all SHIFT, CTRL and ALT s=quences
produce wuseful character codes from the keyboard, and
there are no useful "gaps’ in the keyboard map to allow
any of thess three keys to be used for function keys.
Instead, the LOCK key Is used. The use of the LOCK key
remains  compatible with it’s use in pre-2.8 versions,
ie. pressing SHIFT, CTRL or ALT and the LOCK key will
enter SHIFT, CAFS or ALT lock mode, and pressing then
releasing the LOCK key will return to normal wunlocked
mode. n addition, wusing the LOCK key in the same way
as the SHIFT, CTRL and ALT keys with one of the number
keys (ie. pressing the 2 keys simultanzously) will act
as a function key. This can be done in normal or CAFS
lock modz without affecting the current LOCK mode,

From BASIC, a function key is programmad with the FKEY
statement. It7s syntax is?

FKEY numeric-expression , string-expression

The function key specified by the numeric-expression,
which must be in the rangz @ to 9, will be programmed
with the string-expression, provided that znough free
function key RAM is availablz. If there is insufficient
RAM, then an error will be return=d and the current
satting of the function key will be unaffected. If the
string is a null string, then pressing the function key
will have no effect. This is the initial state of all
the function keys.

fo program PBASIC commands (such as LIST), it may be
required to end the string with a carriage-return, so
that just a single key press will parfors the command.
This can bz done by appending ' & CHR$(13) ' to the end
of the string-=upression.

To support the FKEY statement, a new keyboard driver
function is available, as follows:
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GFKEY (keyboard function 00000109R)

Input: DE -> new function key string.
C = function key number, @ to 9.

OQutput:

A = error code, @ if successful.

DE -> current function key string.

Tha function key specified by the number in C will be
programmed with the string pointed to by DE. The first
bytz of this string is the length byte. DE is rsturnsd
pointing to the function key string, which will either
b= the string that was programmed if A=0, or the old
string if an error occurred. Thus if a string with a
large length byte is passed (eg. @FFh) so that ap error
always occurs, then the currant setting can  be
obtainad. ‘ .

Error trapping and handling statements and functions
have been added to BASIC. The syntax of these are!

ON EXCEFTION GOTO line-number

When an error occurs from a program ling, control will
be transferred to the specified line-numbsr, as in an
ordinary GOTO, If the line-number is @, then any
existing error trapping will be forgotten and no error
trapping will occur.

When the srror routine is entered, error trapping will
initially be turned off, although another ON ERROR
statement may be given. When the main program is
returned to with CONTINUE, the error trapping will be
restorzd to the original line number.

EXCEFTION numaric-axprassion [, linz-numbsr]

Causes an error, the number of which is specifisd by
the numeric-expression. The error will appear to coms
from the line specified by the linz-number, or from the
current line if the line-number is not specified. Error
nunbers are listed in appendix A.

ERRLIN, ERRNUN

These two functions return the line number and  the
error number respectively of the last error that
occurred.
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CONTINUE Cline-numbapr]

In pre-2.9 versions, CONTINUE did nothing when used In
#@ program, and continued execution of a stopped program
when wused in immediate mode. The latter wuse remains
unchanged in version 2.8, except that it now ramains
valid to continue the program after errors havs
occurred.  Only changing the program (including with
RENUMBER) stops continue being valid.

When wusad in a program, CONTINUE with no parancters
causes the eaxception routine to bz exited and the
statement that caused the error to bz re-executed. If
chhbinbincwnthbetheigirspesifiedentthen thecutpenifiidl
line, N

The error numbzrs used are the same as those in pre-2.9
versions, but with some additions. Whan an error abovs
128 occurs, it is assumed to be an operating system
error, and the error message printed is?

£x% System error n
as  in previous versions. Errors below 128  are
considered to be BASIC errors, and =ither an error
m=2ss5age is printed, or the message:

%% PASIC =rror n
In previous versions unrecognized =rror numbsrs below
128 simply printed "BASIC corrupted’. This can no
longer occur,

Appendix A lists the error numbers and =rror messages.
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BASIC now calls a hook in RAM called BASEXT (see
appendix B) when an unrecognized command is given, Py
default, this will just return, but may bz changad to
dump  elscwhere to allow extension commands  and
statements to be executed. IFf the statement is still
not recognized, then any patched-in routine should just
return. If the statement was executed successfully,
then one address should be removed from the stack (FOF
HL or similar) and -then a return done with HL’ pointing
to the first item after the statement (ie. the end of
the line, a ! comment or a ! statement separator). It
is possible'to access some wuseful internal routines by
parforming a RST instruction followsd by a serizs of
single-but= function codes. For example, an exprassion
can be evaluated. Another FR5T allows errors Lto o be
generated. See  appendix C for details of theke  and
appendix D for an sxample BASIC extension. .

The printer driver now calls a hook in RAR called
FRNDEF (see appzndix B) with the character to b=
printed in C and B=FFh. By d=fault, this willjust
return,  but may be changed to jump elsewhers to allow
the character to be changed. If C<*FFh is returnad,
then C is printed. Similarly B will than be printed if
it 13 not =qual to FFh. 1In this way, charact=rs may b=
transformed into other characterz or into another
character pair. '

A similar hook called SERDEF exists for the serial
driver, providing the samez facilities for users with
serial printers,

PASIC now calls a hook in RAM called STRCHAF (se=
appendix B) after comparing each character during
string comparisons. By default, this just returns but
may  be changed to jump elsewhere to allow  the
comparison result to ba changed. One character is in A
and another at (HL), so tha instruction CF (HL) will
set the flags correctly for normal ASCII characters,

In pre-2.9 versions, thers werz two kinds of reset in
the system! warm and cold. A cold resst completsly
reset  MOFS  and entered the cartridge if prasant, or
BASIC otherwise. A warm reset rasst MOPS and the device
drivers and re-antered the cartridge or BASIC, allowing
it to start up again but without |n1t|a1|¢ang all it’s
variables atc,

Copyright (1987) IS Systems Ltd. 13 May 1987



TV Computer BASIC 2.0 page 11

In version 2.0, a cold reset has the same effect, and
elther the cartridge or BASIC will start up depending
on whether or not a cartridaos is present. Once the
system has started, howsver, MNOFS can be warm reset
zither in tha normal way (bu pressing the reset button)
or by deliberate action by the cartridgz or BASIC.

The wvariable CENBLE (s=e appendix B) allows  the
tartridge to be enabled or disabled, and it's valuz is
preszrved throughout a warm reset of MOFS. MNormally it
is =z=ro, which causes the traditional behaviour is.
BASIC is started unless there is a cartridge, in which
case it is always started instead. If CENBLE is non-
zero, then on any sort of MOFS warm reset the cartridas
is never entered, and is thus effectively disabled.
Thus a cartridge can s=t CENBLE to non-zero and rwarm
reset MOFS, which will cause BASIC to be entered. The
cartridge will only be entzred again if a cold resst
occurs, or if CENBLE is set back to zero and MOFS warm
resat from BASIC.

In pre-2.0 versions, - the MOFS variable WARM FLAG was
uszd to decide whether a cold or a warm reset was  in
progress. In version 2.8, it is still used for the same
purpos= until after NOFS has been initialized., Then, if
NOFS was warm res=t, the variable RESTART (s=e appendix
B) is copied to WARM_FLAG. Most of the time, RESTART is
non-zero so that when th= ress=t button is pressed, MOP3
does a warm reset (WARM_FLAG <> @) and then another
non-zero valua is copied to WARM _FLAG before the
cartridgs or BASIC is re-entersd. However, if MOFS is .
warm started by the cartridge (or BASIC) then REBTART
can be sst to zero, causing & warm reset of NOFS
(WARN_FLAG <>@) but a4 cold reset of the cartridge or
BASIC (WARM_FLAG now = @).
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When  the cartridge or EASIC is  entered with
WARN_START=8, thz valuz of the variable MOFS WARM (se=
appendix B) can be examined if required to determine
whather NOFS did a cold or a warm resst. WARM FLAG s
copied to MOPS_WARM immediately before RESTART s
copied to WARM_FLAG. MNOFS devices and expansion cards
are  reset bafore this, and perform the same sort of
reset as MOFS. An expansion card KOM can thus find out
whether or not the cartridge or BPASIC will be cold or
warm rasat by looking at the valus in RESTART. For
example, the built-in keyboard device, which providss
function keys, neads to allocate RAM when MOFS is cold
reset but not when warm resst. When MOFS is warm resat,
it neads to clear any existing function key definitions
if the cartridge or BASIC cold reset, but notX. if

warm reset.  Similarly other expansion card ROMs  may
need to allocate RAM on a cold reset, and only clear it
when a possibile change of application program takes
place (ie, whan the cartridge or BASIC is cold resst).

Thus by using CENBLE and RESTART carafully, a cartridgs
program can start up BASIC, and a BASIC program can
start  wp the cortridge without completely cold
resetting the system.

When a cartridge starts up after a cold reset, it may
dacide that it wants to start BASIC up instead (=g. the
VT-DOS cartridge does not start up if there is no VT-
DOS disk controller card also plugged in). Rather than
setting CENBLE and completzly resetting MOFS in the
manner described above, it can also jump to the address
obtained by subtracting 22 from the address in DE when
the cartridge was first entered. The MOPS ROM must be
in page 9 and interrupts disabled. This works for all
past versions of MOFS,. and is the method used by the
VT-D0S cartridge. This method is only recommendsd as a
way for a cartridge to return immediately to MOFS; as a
gzneral method of starting up BASIC from a cartridgs it
is not really adequate since MOFS may not than be in a
freshly reset state. Of course, If a warm resst occurs
then the cartridge will be re-entered unless CENBLE was
set to non-zero, aven if it was BASIC that was running.

The actual method the cartridge uses to restart MOFS is
to jump to a hook in RAM called RESET (see appendiu B).
This simply zeros the RESTART variable and resets MOFS.
Bzfore jumping to this hook the variable CENBLE must b=
set up in the required state.
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When a cold start of the application takes place
(whether it was a warm or cold reszt of MOFS), an
expansion ROM or a cartridge can give BASIC a program
to execute, This is done by copying the BPASIC pogran
to BASIC's normal program start address (19EFH) and
setting wvarious flags  in the variable BASFLG (s==
appendix  B). The program copizd into memory must b=
exactly as written out by PASIC’s SAVE command, but
without the 14 byte headzr that BASIC writes out at the
start of the file. Note also that disk filas with an
axtension of .CAS have an extra 128 byte header that
also must not be included. MNote that it is possible to
produce an expansion ROM or cartridge that puts a BASIC
program into memory as above, whilst still redaining
compatible with pre-2.0 versions. The effect, will
simply be that the older versions of BASIC will ignors
thz program. e

fhere are four flags in BASFLG, as follows:!

Bit @ - If this bit is set, then when BASIC
starts up  the initial flashing
"VIDEOTON" screen will bz ommitted.

Bit 1 - If this bit is set, then when BASIC
starts up the ‘copyright’ sign-on
message  and the numbsr of butes fres

- will not be printed.

Bit 2 - If this bit is set, thaen whan BASIC
starts up . it will not automatically
perform a "NEW', thus allowing BASIC to
recagnize that it has a program in
nemory.

Bit 3 - If this bit is set, then when BASIC
starts up it will automatically perforn
a "RUN", This is -only useful if bit 2 is
also set.

When BASFLG is set up, the whole byte should be set up.
It is not sufficient to just set the required bits.

11. Address C30Dh in the main ROM has been fixed and can be
junped to in order to start up the cartridge. This s
for compatibility with past versions.
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12, The HEX$(x) function (where 8 <= % < 65534) returns a
four-character string hich contains the hexadecimal
reprasentation of x in upper-case ASCII. » and HEX$(x)
are treated as unsigned 14 bit Integers.

The DEC(x$) function returns a number which is the
decimal equivalent of the hexadecimal number in x3%,
which wust consist of ASCII digits and upper or lower
case letters in the range A" to "F" or 'a’ to 'f’
respectivelu. x$ and DEC(x$) are treated as unsigned 16
bit integers,

13. The variable BLINK (see appendix B) cam be set to pon-=
zero before calling the keyboard CHIN function in order
to obtain a flashing cursor. The keyboard call does not
thange the valus of BLINK, but an =ditor CHIN call sets
it back to zero. WNote that BLINK can be FOKEd to 255
from BASIC before an INKEY$ call to obtain a flashing
cursor.
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The 2.9 error numbers and the messages CDFFﬁSPDHdlﬂg to
BASIC =rror numbsrs are listed below.

FFH to ESH

The mzanings of these errors are unchanged from 1.:.

FREY - E4H
An invalid function ke 2y number was spzcifisd _when
programming a function key, or the new function’ key

string would cause the total numbsr of bytes use=d for
function keus to excesd 100.

-POLY - E3H

Too, manu sides were spucifi d when drawing a polygon.
The maxinum is 29,

E2H - DOH

Not currently wsed.

BFH - 8OH

Feserved for VT-DOS.

7FH - 12H

Hot currentlg usad,

.BADREN - 11H

"Cannot RENUMBER". A renumber command was nl»nn but
would result in an invalid program =qline numbers out
of sequence, lines greater than 251 bytes in langth, or
GOTOs to nnn—existent lines, .

-BADFIL - 10H

"Bad file",
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-VARDEC - @FH

"Variable daclared twice".

NISNAT - QEH

"Tup= mismatch".

«OVRFLW - oDH

"Overflow",

-CANTRD - QCH

"Cannot READ".

.DIVe - OBH

"Cannot divide by 0",

CANTCNT - @AH
. "Cannot CONTINUE".

.NOGOSUR - 9
"No GOSUB".

.NOFOR - 8
"No FOR".

«NODATA =~ 7
"No DATA".

+NOMEM - 4

"No memory".

.BADSUR - 5

"Bad subscript”.
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.BADARG - 4

"Bad argumznt".

.NOARG - 3"

“Argun=nt missing".

«NOLINE - 2

"Line missing".

SYNTER - 1

"Hot understood".
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In version 2.0, no praviously published or unpublishs
variables or data ar=zas have besn moved. Several n
variables and data areas were required, howaver, and the
reside in RAM that in previous versions was not used. The
arzas are detailed below.

In addition, 109 bytes is usad for storage of function kay
strings. This is taken at cold reset time from HINEN.

The ar=as of RAM usad are!

700H - 724H - Miscellanzous new BASIC variables Yused
for the new error trapping stataments
and the RENUMBER and AUTO commands.
Frinter character translation hook. A

- jump can be placed here to hook in a new
routine,
Serial character translation hook. Used
for the sam= purpose as FRNDEF abovs
when a serial printer is used.
Jumping to here will start up BASIC or
the cartridge, depending on whether
CENELE is zero or non-zero. It is not
actually a hook as it is not anticipated
that another routinz will want to hook
itself in.
BASIC string comparison hook. A jump can
be placed here to a routine that  re-
defines the character order for string
comparisons,
BASIC extension statazment hook. A  jump
can be placed here to jump to a routine
to implement extra statemants in BASIC.
Used internallu.

725H FRNDEF

728H SERDEF

72BH  RESET

72EH  STRCMF

731H  EBASEXT

/34K - 740H

]

The RAN above was reserved in previous versions for a 25th
screen line in the ASCII MAF, but was not actually used. In
order to attach a routin to onz of the above hooks, the

threz bytes at the hook should be saved in memory somswhere,
Then a thres byte jump to the new routine is placed in the
three hook bytes. When this n=w routine is exscuted, it
should generally end by executing the OLD contents of the
hook. This e2nsures that if more than one routine is hooked
in they all chain together, with the latest routine getting
priority.

E3CH - EJAH - Used internally.

E3BH BLINK - If non-zero before a keyboard CHIN call,
causes the cursor to blink., Reset by an
aditor CHIN call.
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E3CH RESTART -

E4DH MOFS_WARN-

E3EH CENELE -~
E3FH BASFLG

E4@H VERSION

i

E41H - E47H -

Non-zero for ordinary warm resst, zer
to warm reset  NOFS, cold rese
application.

Type of reset that MOPS did (warm or
cold) when application is cold started,
Zera to enable cartridge, non-zero to
disable it.

BASIC start up flags.

Bit @ - skip flashing VIDEOTON screen,
Bit 1 - skip copyright sign-on message.
Bit 2 - don’t do a NEW on start up.

Bit 3 - Do an sutomatic RUN on start up.
MOFS version numb=r. High nibble is th=
major version number, low nibble is’ths
minor version number, iz, 20H- for
version 2.0. Zero for all versions prior
to version 2.9.

Not currently used.

The RAM above was reserved in previous versions for use by

the cassette driver,

16ACH - 17FFH -

but was not -actually used.

Used internallu by BASIC. This area,
which is bétwean USER BASE and the start
of PASIC’s variables, was not usad in
previous versions. '
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BASIC 2.0 allows extended statements to be linked into it by
hooking into the BASEXT hook. .

It is important to note that any extendsd statement routines
hookad in in this way must bz compatible with BASIC's use of
the 789 registers. This has been documented previously, but
generally is as follows:

IX - points to the start of BASIC's variables,

IY - points to the last used byte on BASIC’s stackh
(this is not the samez as the 780 stack). ‘

HL'- paints to tha next syntactic item in ths
program source, -

B’ - contains the current syntactic item token
from the program source. '

It is not g=nerally necessary to access any of thess
registers, and they should not be arbitrarily changed.
Instzad, they are maintained and updated by many of the
EASIC functions available (see below), particularly the GET
function. '

Once  an extension statement routine has hooked itself into
EASIC, it will get control whensver an unrscognized command
or statement is entered (including when an implied LET
statement is entersd, such as A=1 instead of LET A=1). HL'
will then point to the first character of the statemsnt,
which will be tokenized. If the statement at HL' is not
recognized, then the contents of the old hook should be
executed with HL' presarved.

If the statement at HL’ is recognized, then any expected
paramnsters should be cvaluated and the statement acted upon
as appropriatz. Then the BASIC raturn address should be
removed from the stack (with a FOF HL or similar) and a RET
executed, HL”  and B’ should then have been updated beyond
the statement and it's paramsters, and will thus point to a
colon, a ! comment or the end of the line if the syntax is
correct. It it does not point to one of these, then BASIC
will generate a "Not understood’ error.

It is useful for an extznsion statement to be able to access
certain internal BASIC routines, such as numeric and string
eipressions.  These and many other routines can be  accessed
via the BASIC function restart (see below). Other restart
(RST) routines are available, as follows? :
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RST 8

Genzrate a BASIC error. The error number must be contained
in the byte immediately following the RST 8 opcodz. BASIC's
error routine will be entered, and any error trapping set up
Wwill come into effect. If no error trapping is in =effect,
then the appropriate error message will be printed. The
routine performing the RST is never returnsd to. This s
available in all previous versions of BASIC too.

RST 10H

Check for a MOFS error. This RST can be performed
inmediately after a MOPS call, and will either immediately
return  (if the 7 flag is set) or will enter BASIC's wrror
routine (see RST 8 above) with the error code in A. This ig-
available in all pravious versions of BASIC too. ~

RST 18H

Ferform BASIC function. Following the R5T 18H opcode should
be a list of bytes, =ach byte spacifying a BASIC function to
perform. The functions are then performed in s2quence. The
last function number in the list should have the top bit
set, which indicates that the program continues in the next
bute. ‘

The functions available are as follows. Only the first 15
are available in previous varsions of BASIC; the rest are
new in 2.9. Where functions use numbers and strings on
BASIC's stack, no check is made for items of the correct
tupe baing on the stack; it is up to the caller toensure
this. IX, IY, HL’ DE’ and B' are preserved unless otharwise
stated. Other registers are corrupted unless otherwise
stated. :

FADD - @

Floating point addition. The top two numbers on PASIC's
stack are added together, and ars replaced by the rasult. AF
only is preserved.

FDIV - 1

Floating noint division. The top number on PASIC’s stack is
divided into the sszcond numbar on the stack, the result
replacing them both. AF only is preserved, apart from the
carry which may be corrupted.
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FAULT - 2
Floating point wmultiplication. The top two numbars on

BASIC's stack are multiplied together, the result replacing
them both. AF only is preserved.

FSue - 3

Floating point subtraction. The top number on BASIC's stack
is subtracted from the second numbzr, the result replacing
them both. AF only is preserved.

FNEG - 4

Floating point nzgation. The top number on the sktack s
negated. BC, DE and HL only are pressrved.

9

Used internally.

XFUSH - &

The number in floating point variable X is pushed onto
BASIC's stack.

YFUSH - 7

The numbsr -in floating point variable Y is pushed onto
BASIC's stack.

XASSIGN - 8

The number on top of BASIC's stack is copiad to floating
point variable X, but is not removed from the stack.

YASSIGN - ¢

The numbzr on top of BASIC's stack is copied to floating
point variable Y, but is not removed from the stack.

XPOP - QAH

The number on top of BASIC’s stack is copied to floating
point variable X and is removed from the stack.
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YFOF - QBH

The number gn Lop of BASIC's stack is copied to floatinag ‘
point variable Y and is removed from the stach. :

FOUP - @CH

The number on top of BASIC's stack is duplicated, so that
two equal numbzrs are on the stack.

FFOP - ODH

The numbzr on top of BASIC's stack is copied to the &, buts
variable pointed to by HL, and is removed from the stack.

-~

FNUR - OEH
The syntax®
( numeric~enpression‘)

is parsad, the expression evaluated and the result pushed on
top of BASIC's stack. HL' and B’ are updated appropriately.

FDROF - @FH

The number on top of BASIC's stack is removed, and it’s
value ignorad.

VFUSH - 10H

The number in - floating point variable V is pushed onto
BASIC’'s stack.

WPUSH - 11H

The number in floating point variable W is pushed onto
BASIC's stack.

VASSIGN - 12H

The number on top of PASIC's stack is copied to floating
point variable V, but is not removed from the stack.
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WASSIGN - 13H

The number on top of BASIC’s stack is copizd to floating
point variable W, but is not removed from the stack.

VFOF - 14H

Tha numbzr on top of BASIC's stack is copied to floating
point variable V and is removed from the stack.

WFOPOF 15HSH

The number on top of BPASIC’s stack is copied to floating
point variable W and is removed from the stack.

SIN - 16H

The rnumber on top of BPASIC's stack is replaced by the sine
of that numbzr,

C05 - 17H

The number on top of BASIC’s stack is replaced by the cosine
of that number.

ATN - 18H

The numbzr on top of BASIC’s stack is replaced by the
arctangent of that numbzr.

TAN - 19H

The number on top of BASIC's stack is replaced bg‘ the
tangant of that number. '

EXF - 1AH

The number on top of BASIC's stack is replaced by the
constant e raised to the the powsr of that number.

INT - 1BH

The number on top of PASIC’s stack is replaced by the valus
of the largest integer not greatzr than that numbsr.
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LOG - 1CH

The number on  top of BASIC’s stack is replaced by the
natural logarithm of that numbsr.

SGR - 1DH

The numbzr on top of BASIC's stack is replaced by the
positive square root of that numbsr.

INVOL - 1EH
The second number on BASIC’s stack is raised to the power of
the top number, the result replacing them both. 7.
FCAF - 1FH

The top two numbers on BASIC’s stack are comparad and
removad from the stack, and the result returnzd in the flags
register with A consistent with the flags. The M condition
is true if the top number was grester than the second
nuaber, the 7 condition is true if the numbers were equal,
and the F condition is trus (and Z false) if the top number
was l=ss then the sz2cond number,

FCPL - 20H

The top number on BASIC's stack is replaced by the ten’s
complement of that number (iz. the mantissa digits are
subtracted from 9).

GETDIG - 21H

The value of a single decimal digit is returned from the top
number on BASIC's stack. The numbzr is not removed. The most
significant digit is numbered 4, and thz number increases by
ona for the next significant diqit. The digit number is
pass=d in B and the digit value is returnad in A. HL, DE and
PC are pressrved.

FUTDIG - 22H

A single digit is written into the top numbzr on BASIC’s
stack. The number is not removed: The digit number is passed
in B and is as in GETDIG above. The new value, which must be
in the range @ to 9, is passed in A.- HL, DE and BC are
preserved.,
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FNORM - 23H

The numbzr on top of BASIC's stack is shifted left or right
by nibbles until the most significant digit is in the normal
position (digit position number 4, s=e GETDIG and FUTDIG
above). Digits 2 and 3 are taken into account.

FZERD - 24H

The digits of the numbsr on top of BASIC's stack ars tested
for being all zero, and if they are then the axponant byte
is set to zero to ensure that a zero number has the corraect
represantation for =zero. The Z conditlon Is true If the
number is zZero. -

FOUT - 25H

The number on top of BASIC's stack js turned into it’s fres
format ASCII representation. The number is not removed from
the stack. HL is returnad pointing to the first byte of the
number, which is in an internal BASIC buffer.

PUSH - 26H

The -signed number in HL is turned into a floating point
number and pushed on to BASIC's stack.

Pop DFH
FOPOR-27B7H-

The numbzr on top of BASIC’s stack is turned into a signed
16 bit integer and returned in HL. The number is removed
from the stack.

$FUSH - 28H

Tha string pointed to by HL#1 is pushed onto BASIC's stack.
The first byte of the string is assumed to be the 1length
byte. The byte pointad to by HL is ignored.

$POF - 29H

The string on top of BASIC's stack is copi=d to memory, and
removed from the stack. HL must point to the area of memory
for the string, and the byte= pointed to by HL must contain
maximum number of bytes that can be accommodated. including
the length byte of the string.
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$CNF - 2AH

The top two strings on BASIC's 'stack are compared. The
strings are removed from the stack and the results are
returned in AF as for the FCMF function. The STRCAF hook is
called for each character compared.

FEXFR - 2BH .

A numeric-expression is parsed and evaluated, the resull
being pushed onto the top of BASIC's stack. HL' and B" are
updated appropriately. ,

$EXFR - 2CH

Y.
4

A string expression is parsed and evaluated, the result
being pushed onto the top of BASIC's stack. HL' and B’ are
updated appropriately. '

GET - 2DH

The next syntactic item in the program (as pointad to by
HL’) is obtained and returned in B’ and DE'. Various flags
describing the item are returned in AF. HL” is updated
appropriately.

If the item is a token, then this is returned in A (and will
be the same as the byte in B7). Eefore returning, the token
will be compared with the token for a colon. Thus the NC
condition indicates the end of & statement (colon, ! commant
or end of line)., The Z condition indicates a colen. Tokan

values have besn documsnted previously, and new values  are
as follows:® :

CFH - AUTO

CEH - FKEY

COH - REHUMEER
CCH - EXCEFTION
ADH - ELLIFSE
ACH - RECTANGLE
AEH - FOLYGON

If the item obtained is not a token, then A (and B7) contain
other flags, as follows:?

Bit @ - S=t if a numeric or string identifier,

otherwise a numeric or string literal itam.
Bit 1 - Set if a numeric item, else a string item.
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If the item is a literal, then it is pushad onto the top of
BASIC's stack. It should not howsver be used in this form;
the EXFR or $EXFR should be called first.

If the item is an identifier, then DE" is returnzd pointing
to the first data byte of the symbol table entry. C' will
contaln the symbol table type byte.

LIST - 2EH

The tokenized string pointed to by HL is expanded and
printed., The end of the string is indicated by an FFH byts,
and HL is raturnzd pointing to the byte following this. Note
that this is the format in which prograns are stored, and if
this function s invoked with HL pointing passed the lire
nuiber field of a program line, then the program line will
be listed (without th= line numbsr).
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Several example programs are given hers to illustrate the
use of some of the new features of BASIC 2.9.

Extension statement

This example isplements a gznuinely useful example extension
stateme=nt for BASIC. HNormally, the serial baud rate is set
by FOKEing a variable with a number which must be looked up
in table of baud rates, The serial format is even more
inconvenient, and requirss the various parameters (parity,
nunber of data bits, number of stop bits) to be encoded into
a byte and then FOKEd into another variable. Finally a third
variable has to bz FOKEd to tell the serial driver that - the
parameters have bezn changed.

The program bzlow implements a BASIC statement called BAUD.
This allows the baud rate and format to be set up in an
e¢asily remembared format.

The progras is in an assembler listing form, and this given
d=tails of the use and suyntax of the statement. Following
this a short EASIC program is given which FOKEs the machine
code into memory.

String Comparison

This ro?ram allows the order of the character codes to be
changed for the purposes of string comparison in BASIC. It
he

simply swaps the ordzr of the codes for A and B, so that t
string "B" is less than the string "A".

The program is in an assembler lsst|ng form, - and a BASIC
program is also given which FOKEs the machine code into
MEnory.

BASIC Frograms in ROM

These - two programs are tairly similar and allow BASIC
programs to bz blown intc ROM. The first program is for a
cartridge ROA, and the second for an expansion ROM.
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A}

Frinter Re-definition

Tthis progras illustrates the use of the PRNDEF hook. No
attempt is made to implement a wus=ful translation; this
example program simply converts all space characters into
the saquance ' <> ',

The program is in an assembler listing fors, and a BASIC

praogram is also given which FOKEs the machine code into
mEnory.
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